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INTRODUCTION 
Development of industries and agriculture is necessary 
for any country of the world. Pollution, a worldwide 
Dhenomenon at present, is a necessary evil resulting from 
rapid growth of industries to meet the ever increasing needs 
of human society. Rapid industrialization and urbanization 
is fast transforming air, water and soil into big natural 
reservoirs of dangerous pollutants, which are raising 
serious threat to man's existence. Indiscriminate use of 
natural resources for various uses has added all kinds of 
impurities to natural air, water as well as soil, causing an 
irrepairable damage to environment. Pollution has gradually 
assumed distressing dimensions. The time has reached when 
the modern world must become more acutely aware of the 
insidious alterations in the quality of environment and of 
the serious consequences of these alterations. 
The world 'pollution' is derived from a latin word 
'polluere' which means 'to defile'. Hence pollution can be 
defined as "undesirable change in the physical, chemical or 
biological characteristics of air, land and water that may 
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or will harmfully affect the human, ammal and plant life." 
Pollution IS destroying plant cover, built up 
meticulously by nature over millions of years, and presently 
development has become synonymous with deforestation and 
desertification, and progress with pollution. 
Although pollution of air, water and land cannot be 
delinked from each other, the present account deals only 
with air pollution in relation to plants especially crop 
plants. Air constitutes nearly 80 percent by weight of man's 
daily intake and he breathes nearly 22,000 times a day. 
Therefore, among other things, not just air but unpolluted 
air is vital for plant and animal life, and " the presence 
of any solid, liquid or gaseous substances in such 
concentrations as may be injurious to human, plant or animal 
iife or environment" constitutes air pollution. 
The major sources of air pollution are transportation, 
industry and power generation. Environmental pollution is 
basically of three types viz. air pollution, water pollution 
and soil pollution. Wood (1969) classified air pollutants 
basically in two categories based on their origin i.e. 
primary air pollutants and secondary air pollutants. Primary 
pollutants originate in a toxic form at the source, e.g. 
SO2, HF. Secondary pollutants are produced as a result of 
interactions between primary pollutants e.g. ozone (Og) and 
PAN (Peroxy acetyl nitrate) which are formed by sunlight 
acting on products of fuel combustion. While in world 300 
million tonnes of pollutants are emitted annually in air, 
India contributes about 10 million tonnes in form of 
particulates, sulphur dioxide, carbon monoxide, hydrocarbons 
etc. In fact air pollution in India is restricted to 
isolated pockets as industrial production is concentrated in 
8-10 large cities. The major pollutants which affect the 
growth of plant are SOg , O3, flourides, oxides of nitrogen 
(NOj^ ), PAN and particulates which include cement and kiln 
dusts, soot, lead particles, magnesium oxide, iron oxide, 
foundary dust and sulphuric acid aerosols. Amongst all 
these, SO2 and O3 are major air pollutants and cause maximum 
damage to plants alone and when combined together. 
Sulphur dioxide is mainly emitted from burning of 
fossil fuels in thermal power plants, smelting industries 
and biological decomposition etc. SOg exposure affects the 
plant growth (Khan and Khan, 1993). SOg also induces foliar 
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injury causing charactenstic symptoms. Apart from foliar 
injury,plant height, top and root fresh and dry weights and 
dry shoot root ratios are reduced. SO2 at higher dosages 
cause interveinal and blade damage, necrosis, cellular 
collapse. Lower dosages results in chlorosis. 
The quantity of SOg released into air has tripled in 15 
years. A report on "State of India's Environment 1984-85" 
published by the centre for Science and Environment, New 
Delhi, show that of the 48 thermal power stations, 
officially surveyed in 1984, 31 had taken no pollution 
control measures and only 6 of them had their pollution 
control equipment functioning properly". The U.S. 
Environment Agency has recommended a maximum allowable limit 
of 0.03 ppm and 0.14 ppm daily exposure for 8 years. 
Air pollutants adversely affect plant life directly or 
indirectly and reduce the yield (Mudd and Kozlowski 1975). 
Gaseous air pollutants enter the leaves through stomata by 
absorption or adsorption and cause injuries directly in the 
leaf tissue (Pell, 1979). Particulate air pollutants like 
soil dust, coal dust, cement dust, fly ash etc. mostly fall 
and deposit on the leaf surface and block the stomatal 
cavities forming a thin layer on leaf surface. This hampers 
transpiration and checks the transmission of solar radiation 
(Darley, 1965). 
Khan (1989) observed beneficial effects of fly ash on 
tomato plants up to 70% level, when different level of 
flvash (,10, 20, 30, 40, 50. 60, 70, 80, 90, 100%) were 
added to soil. Gradual increase in length, fresh and dry 
weights and chlorophyll content upto 70% and decrease at 80, 
9 and 100% fly ash levels were observed. 
Currently, there are two major lines of thought 
concerning the effects of SOg on growth and yield of 
plants. According to some scientists, reduction in growth 
and yield occurs only if invisible injury is observed and if 
the injured area exceeds 5% of total leaf area. Other 
scientists consider that significant growth and yield 
reductions can occur even in absence of visible injury 
(Noggle, 1980). 
Jones et al. (1978) were unable to detect yield losses 
in soybean fields injured by SOg visible injury. They 
concluded that plants had significant time to recover and 
compensate from initial adverse effects of SO2 • Similar 
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results were reported by Haase ejt a1 . (1980) based on a 
total of 43 years of examination of vegetation in the 
vicinity of a copper smelter in U.S.A. They concluded that: 
1. No yield loss occurred in absence of visible 
injury. 
2. The percentage y ie ld loss was less than percentage 
leaf area in jured. 
3. Leaf- i n ju ry induced by SO2 did not always resu l t 
in y ie ld loss also. 
Studies have shown tha t SOg and O3 m ix tu res produce 
e i ther addi t ive or synergis t ic e f fec t on major i ty of plants 
(Jenson et aj.. » 1981). Brandt and Heck (1968) described in 
d e t a i l , the leaf markings caused by a i r borne po l lu tan ts . 
Evidence i n the Un i ted S t a t e s and i n many o t h e r 
countr ies of the world have i n d i c a t e d t h a t env i ronmenta l 
stresses alongwith a i r po l lu tants s i g n i f i c a n t l y a f fec t the 
product iv i ty of ag r i cu l tu ra l crops. Whatever the form of the 
damage, the resu l t i s the reduction of growth and y i e l d . 
Common p lan ts suscept ib le to SOg p o l l u t i o n are a l f a l f a . 
barley, cotton, lettuce, lucerene, spinach and sweet pea. 
It is evident that SO2 and O3 are important air 
pollutants with regard to their adverse impact on crops. 
Sunflower (He!ianthus annus) is an important oilseed crop 
which is being grown on extended scale in India. Impact of 
air pollutants on sunflower has not received study. 
Sunflower is an important crop from economic point of view 
as its seeds contains 40 to 503S oil. Moreover, it is one 
crop in the case of which, the season of planting, the photo 
period and within altitude are not limiting factors. Its 
edible oil contains both solid and liquid f^ts and form 
indespensible articles of human food, as its oil contains 
proteins, vitamin A, D & E. 
Therefore, it is planned to evaluate the impact of SOg 
and O3 on sunflower plant. In the proposed work for Ph.D., 
following aspects are proposed to be studied:-
1. Effect of SO2 and O3 on growth and yield of 
sunflower. 
2. Physiological and biochemical studies of plants 
exposed to SO2 and O3. 
3. Morphological studies of sunflower plants exposed 
to different doses of SO2 and O3. 
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4. Characteristics of foliar symptoms as induced by 
SO2 and O3 in sunflower. 
5. Oil and protein contains of sunflower seeds 
developed produced by plants exposed to SOg and O3. 
These aspects can be suitably modified 
depending upon the progress of work and results 
obtained. 
LITERATURE REVIEW 
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LITERATURE REVIEW 
This review would encompass only two gaseous air 
pollutants namely sulphur dioxide {S02)and ozone (O3) in 
relation to their impact on plants. The emphasis would be 
on certain aspects of growth and yield of crop plants and 
characteristics of symptoms caused by them either 
individually or in combination. 
SULPHUR DIOXIDE (SOg) 
Sulphur dioxide induces characteristic symptoms in 
plants. Symptoms, however, differ depending upon the plant 
species, age of the plant, exposure duration, concentration 
of SOp etc. Some symptoms are specific to the plant species 
while others are general and characteristic of SOg 
pollution. A variation of symptoms has been observed in the 
members of Fabaceae (Papi1ionatae), the family of legumes 
depending upon age and exposure duration of the plants. 
Haas and Jerry (1970) while studying the relation of crop 
maturity to sulphur dioxide observed that mature plants of 
white beans (Phaseolus vulgaris) when exposed to SOg showed 
bronzing along with necrotic stippling on upper leaf surface 
followed in 2-3 days, by chlorosis and abscission of leaves. 
in 
Natural fumigation did not always result in necrosis. The 
disease occurred late in the growing season. Thev concluded 
that within a relatively uniform crop of white bean damage 
is not often uniform. Crop maturity regulates the time of 
symptom expression and crop vigour its severity. Miller et 
al. (1980) noticed visible injury of leaves while studying 
the effect of SO2 on soybean (Glycine max) plants by using 
open air fumigation system. Accumulation of foliar 
soluble proline in SOg stressed plants of soybean (Glycine 
max cv. 'Essex') and barley (Hordeum vulgare), was studied 
by Erickson and Dashek (1982). 'Proctor' and 'Excelsior' 
varieties of barley were used in the experiment and 
treatments were given at seedling stage. Visible injured 
leaves of fumigated HU vu1gare. cv. 'Proctor' and 
'Excelsior' seedlings always contained more soluble proline 
than did non-fumigated leaves. Necrotic symptoms developed 
and the soluble proline levels of necrotic and non-necrotic 
areas of fumigated tU vulgare leaves which were treated with 
10 ppm SO2 for 4 h were 15-30 and 1.5-18.0 fold 
respectively,greater than those of comparable areas of non-
fumigated leaves. Soluble proline accumulation occurred 
prior to appearance of visible foliar injury in barley 
plants which were grown under winter glasshouse conditions. 
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The extent to which soluble proline accumulated with G^^  max 
leaves was dependent on growth and fumigation conditions. 
Among the fruit crops, the pomes are greatly affected by 
SO2. According to a bulletin issued by the united States 
Forest Service (1973), apple is ranked as "very sensitive" 
to SO2. Katz et al. (1939) observed injury to apple foliage 
in the vicinity of Canada in 1930's. They described the 
symptoms as usually marginal necrotic extending down between 
the veins, with occasionally all markings tending to be 
intercostal. The colour was light brown which became duller 
with age. Jacobson and Hill (1970) described SOg necrosis as 
primarily between the veins and often closer to the midrib 
than to the leaf margin and at high pollution levels the 
entire leaf was necrotic. Istas (1980) established the 
threshold concentration for SO2 injury to apple as 0.1 to 
0.3 ppm. He reported a 75% decrease in apple production in 
areas 6-100 meters from the pollutant source. Foliar 
response of custard apple (Polyalthi a longi folia)to SOg 
pollution has been reported by Renu Singh (1989). One year 
old plants of P^ . longifol ia were exposed to 0.25 and 0.5 ppm 
SO2. Leaf area, stomatal frequency,frequency of epidermal 
cells and stomatal index were found to be decreased in both 
concentrations. However, visible foliar injury was observed 
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only in plants which were exposed to 0.5 ppm SO2 
concentration. Chlorophyll a, cholorophyll b, total 
chlorophyll content and total carbohydrate content of leaves 
were also recorded to be reduced in both the concentrations. 
Khan (1989) and Khan and Khan (1993) found chlorosis and 
small dot like patches, yellow to grey in colour on the 
tomato leaves exposed to SOg. There was reduction in plant 
growth, yield, number and size of stomata, chlorophyll and 
carotenoid contents and number of fruits/plant. The growth 
and yield of soybean plants were found reduced when exposed 
to SOg at 0.1 ppm and 0.2 ppm for three days in a week in 
artificial exposure (Singh, 1993). 
Tomer et al- (1993) studied the impact of SOg on 
Abelmoschus esculentus Moench cv. Pusa Makhmali when the 
plants were exposed to 320, 667 and 1334 )^ gm""^  SO2. Plants 
exposed to 1334 yu gm~^ of SO2 showed foliar lesions much 
earlier than those of plants fumigated to other tow 
concentrations. Plants exposed to 320, 667 and 1334 ^  gm 
SO2 showed first visible injury symptoms at 37, 26 and 23 
days of plant age respectively, and the injury initially 
being confined to mature leaves of treated plants. The 
injury after earlier exposures was in form of pale 
yellowish/cholrotic patches mostly confined to margins and 
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tips of leaves. However, after prolonged exposures the 
injury was in form of necrosis and the symptoms extended to 
interveinal areas also. 
Early research with SO2 effects on growth and yield of 
plants indicated that reductions ordinarily did not occur 
unless the SO2 concentration were quite high (e.g. > 1.0 /J 
11-1) and caused substantial visible foliar injury. However, 
in recent years numerous studies have indicated that 
reductions in yield are not always dependent on severe 
tissue destruction that is associated with very high SO2 
concentration, but may be caused by long term exposure to 
levels of SO2 that may occur regionally in some areas. So, 
whether these low concentrations of SO2 are sufficient to 
have an adverse effect on agricultural and horticultural 
productivity was debated for several years. Wislicenus 
(1901) and Stoklasa (1923) suggested that plant yields could 
be suppressed by low concentrations of SO2 in absence of 
visible injury. In contrast, katz (1949) concluded that 
there was no evidence to support this concept of 'invisible 
injury'. Garber (1967) observed a reduction in biomass of 
radish, lettuce, bush bean and potato when exposed to 500 -
800/4 gm-3 SOg for 42 h. Sulphur dioxide causes both visible 
and invisible damages to plants. The visible damage is 
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caused by acute and chronic injuries and invisible by 
physiological, biochemical perturbations in plant system . 
The toxicity of gas is largely due to its reducing 
properties. Acute injury is caused due to rapid accumulation 
of sulphites in mesophyll cells of leaves when exposed to 
toxic concentrations over 1 ppm for short durations. These 
included interveinal and marginal necrosis and chlorosis. 
Chronic injuries are associated with slow absorption of 
sublethal concentration of less than 0.2 ppm of SO2 or 
between 0.2 and 1 ppm usually testing for several days or 
weeks (Legge et al., 1976). The main symptoms of this kind 
of injury is yellowing of leaves. Thomas and Hill (1937) 
noticed visible foliar injury in alfalfa plants in response 
to high SOg concentrations. Leaf burning and early 
defoliation were also observed. Reductions in growth and 
yield due to acute SO2 injury were more or less equivalent 
to those occurred when the same amount of leaf tissue was 
removed (Thomas, 1951). Unsworth et al. (1972 ) studied the 
stomatal responses of bean and maize plants to SOg when the 
plants were at 4-leaf stage. The measurements were taken on 
lower epidermis of youngest fully expanded leaf of each 
plant. Results suggested that stomatal opening of leaves of 
many crops is increased by ambient SO2 leaves. This could 
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have two undesirable consequences-increased transpiration 
rate leading to early and more water stress in spells of dry 
weather and therefore to restriction of growth and easier 
access of toxic gaseous pollutants to mesophyll tissues 
where metabolic processes get affected. It has been 
suggested that when the sulphur status of soil is poor, low 
concentration of SO2 may act as a plant nutrient and improve 
yield of agricultural crops (Cowling and Lockyer, 1978). The 
majority of recent reports, however, have suggested that SOg 
may indeed reduce several components of growth and yield in 
a range of species; these components include dry matter 
production and tillering, number of spikelets, percentage 
ripened grains, relative growth rate, shoot dry weight, leaf 
area etc. (Taniyama et al. , 1972 ; Bell and Clough, 1973; 
Lockeyer et at., 1978 Bell et al-, 1979 and Davies, 1980). 
Low SO2 concentration has been found to affect the growth in 
plants. The effect of fumigation with 0.02 ppm of SOg on 
tobacco (N i coti ana tabacum L. cv. Samsun) along with 
cucumber (Cucumis sativus L. cv. Unikat) were investigated 
for 4 weeks in fumigation chambers. There were significant 
reductions in fresh weight of green leaves, shoots and 
roots, in the root/shoot ratio, the leaf area and all dry 
weight fractions measured. Greater reductions were found in 
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C. sativus than in N_s_ tabacum. The reduction in root system 
fresh weight was 39* for C_j_ sativus and 85* for H^ . tabacum 
while leaf reductions were 5% and 46% respectively. It was 
concluded that effects of SOg on agricultural crops may be 
higher than assumed, with consequent losses in economic 
yield (Mejstrik, 1980). Katolin (1981) reported changes in 
soluble protein content of soybean (Glycine max) and pea 
(Pisum sativum) under continuous SO2 pollution. The soluble 
protein content of plants changed in both leaves and seeds, 
low levels of SOg increased the soluble protein content in 
both species but higher levels of pollution had a toxic 
effect on synthesis of proteins. An initial increase in root 
and shoot lengths in Vigna sinensis was noticed by Ghouse 
and Khan (1983) in exposures to 0.12 ppm SOg. Effect of 
SO2 on ascorbic acid in crop plants has been studied 
(Varshney et al-. 1984). The effects of low levels of SOg an 
ascorbic acid were evaluated in 3 crops namely black mustard 
(Brassica nigra). beans (Phaseolus radiatus)and maize (Zea 
mays). The ascorbic acid content of B^ nigra and P^ radiatus 
decreased markedly within one week following SO2 fumigation. 
Z. mays which was relatively SOg resistant, possessed a 
comparatively high amount of ascorbic acid. The results 
indicated a positive correlation between ascorbic acid 
17 
content and SO2 sensitivity of plants, however, it is 
unlikely that ascorbic acid plays an important role in 
determining plant resistance of SOg pollution. 
Pandey (1985) reported sensitivity of 5 barely (Hordeum 
vulqare) varieties to SO2 pollution. Two-day-old seedlings 
were exposed to 0.04 ,0.08 and 0.12^ 11-1 SO2 in recycling 
fumigation chambers for 3 weeks . The cultivars showed 
differences in sensitivity in this manner :- Koru > Patty > 
Golden promise > Tyra > Midas. Epidermal characters such 
as stomatal density, size and structure of cuticular wax 
were not found to be related to differences in sensitivity. 
However, the stomatal diffusive resistance was highest in 
cv. Midas, which was most tolerant and lowest in cv. Koru 
which was most sensitive. 
Effect of SO2 fumigation on soil system and growth 
behaviour of Vicia faba plants has been studied by Agarwal 
et al. (1985a). Field grown V^ . faba plants were exposed to 
0.5 ppm SO2 for 4h daily from 40-100 days of their ages. The 
major effects of SO2 on soil interfered with nutrient uptake 
and plant growth leading to reduction in lengths of root and 
shoot, number of leaves, nodules and pods, phytomass 
accumulation and net primary productivity. Pandey (1985) 
reported the effects of SO2 on growth and photosynthesis of 
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mungbean (Vigna radJata ). The study was initiated to see 
the effects of SO2 on growth and evaluate the effects on 
photosynthesis of young plants of mung bean. Yield was 
significant 1y affected on exposure to 0.001 ppm SOg. 
Effects of SOg on growth and nodulation of pigeon pea 
(Ca.ianus ca.ian) has been studied by Satyanarayan ei a1 . 
(1985). SO2 affected leaves showed chlorosis, tip burn and 
marginal necrosis. Plant growth and root nodulation were 
very much reduced in fumigated seedling. SOg exposure of 
0.001 ppm decreased dry matter accumulation in all parts of 
seedlings. Effect of SO2 on nutrient status and growth of 
rice (Oryza sativa) has been reported by Nandi et al . 
(1985). The field grown rice plants were exposed to 0.25 
and 0.5 ppm SO2 l.5h daily for 20 days during flowering 
stages which affected plant growth through unfavourable 
changes in plant and soil systems. Adverse effects on plant 
growth included development of visible foliar injury 
symptoms, accumulation of sulphur and less uptake of 
essential nutrients like N,P,K and Ca, reductions in root 
and shoot length, number of tillers, leaves and ears, 
phytomass accumulation, net primary productivity and grain 
yield. 
I n f l u e n c e o f SO2 on g r o w t h and p r o d u c t i v i t y o f 
Phased us aureus was s tud ied by Singh and Rao (1986) . At 3 
l ea f s tage , the p lan ts were exposed t o 0.25, 0 .5 , 1.0 and 
2 . 0 ppm SO2 f o r 4h d a i l y , f o r 3 s u c c e s s i v e day i n 
t r a n s p a r e n t c h a m b e r s . I t was o b s e r v e d t h a t a h i g h e r 
c u m u l a t i v e SOg dosage immed ia te l y caused an a p p r e c i a b l e 
r e d u c t i o n i n p l a n t growth and u l t i m a t e l y i n p r o d u c t i v i t y 
l e v e l o f p l a n t s . The e x t e n t o f g r o w t h r e d u c t i o n was 
p r o p o r t i o n a l t o SOg l e v e l s t o wh i ch p l a n t s were e x p o s e d . 
F=>otted p l a n t s of V i c i a faba cv. "Con Amora", grown e i t h e r i n 
s o i l or quar tz gravel were exposed i n 8 open top chambers 
t o 2 l e v e l s o f SO2 ( cha rcoa l f i l t e r e d a i r and c h a r c o a l 
f i l t e r e d a i r e n r i c h e d w i t h SO2 ) . SO2 was dosed 
c o n t i n u o u s l y ( 5 5 - 9 0 ^ gm f o r 56 d a y s ) . V a r i a b l e s 
measured a t d i f f e r e n t stages of p l a n t development inc luded 
f r e s h and dry weight of whole p l a n t s , leaves, s t a l k s , f r u i t s 
and roo t s ; number of leaves, s t a l k s , blossoms, pods and 
seeds ; l e a f area ; p l an t he igh t ; su lphur con ten t . P lan ts 
grown i n s o i l were mainly i n f l uenced i n a p o s i t i v e manner 
whereas p l a n t s grown i n q u a r t z g r a v e l were n e g a t i v e l y 
a f f e c t e d . At m a t u r i t y , these tendencies were only observed 
i n ma rke tab le p roduc ts l i k e s e e d s , pods (Adaros e t a l . , 
1988). Mcleod e t a l . (1988) s tud ied the e f f e c t s o f open 
20 
a i r f um iga t i on w i t h SO2 on growth and y i e l d of w in te r ba r ley 
from November 1982 t o Ju ly 1983. Mon i to r i ng data f rom a 
r u r a l s i t e were used as a b a s i s f o r s t i m u l a t i n g mean 
c o n c e n t r a t i o n o f 0 . 0 2 3 , 0 . 0 3 8 , 0 . 0 5 8 ^ 1 1 " ^ SOg a t a 
l o c a t i o n where background c o n c e n t r a t i o n were 0 .01 ^ 1 1 " 
SO2. There was no evidence of reduc t i on of s t i m u l a t i o n of 
crop growth d u r i n g p e r i o d . D u r i n g t h e s p r i n g s e a s o n , t h e 
crops in SOp fumigated p l o t s had a h igher green l ea f area 
and dry weight than con t ro l p l o t s . Responses of po ta to cv . 
K u f r i L a l i m a t o SO2 p o l l u t i o n i n r e l a t i o n t o g r o w t h , 
c h l o r o p h y l l c o n t e n t of leaves and y i e l d were s t u d i e d by 
Kumar e t aJL- ( 1988 ) . Cons idered g r o w t h pa rame te r s were 
s i g n i f i c a n t l y decreased i n p lan ts exposed 0.25 and 0.5 ppm 
of SO2. The dry leave matter p roduc t i on and net pr imary 
p r o d u c t i v i t y (NPP) o f t r e a t e d p l a n t s , c h l o r o p h y l l a , 
c h l o r o p h y l l b and t o t a l c h l o r o p h y l l c o n t e n t o f l e a v e s 
r e c o r d e d s i g n i f i c a n t r e d u c t i o n s . The a d v e r s e e f f e c t s 
g radua l l y increased w i t h an increase i n cumulat ive doses o f 
SO2. The number o f t u b e r s and y i e l d pe r p l a n t were a l s o 
adverse ly a f f e c t e d . The tuber y i e l d was reduced upto 8.21 
and 15 .67X i n 0 . 2 5 and 0 . 5 pm SOg c o n c e n t r a t i o n 
r e s p e c t i v e l y . 
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Chand and Singh (1989) s t u d i e d t h e s e n s i t i v i t y o f 
T r i t i c a l e hexaploide cv. Panda-6 t o S02- The p l an t s were 
exposed t o 320 and 6 6 7 ^ gm~^ SO2. P lant growth in terms o f 
p l a n t h e i g h t , shoot and r o o t l e n g t h s , number o f l e a v e s , 
r o o t s and t i l l e r s and b i o m a s s pe r p l a n t were r e d u c e d 
s i g n i f i c a n t l y . A p p r e c i a b l e r e d u c t i o n s i n d r y w e i g h t 
f r a c t i o n s and net p r imary p r o d u c t i v i t y were n o t i c e d and 
e f f e c t s were concent ra t ion dependent. The e f f e c t o f SO2 
on y i e l d of two d i f f e r e n t c u l t i v a r s of Vigna r a d i a t a namely 
NP and Pusa Baisakhi was s tud ied by Verma e t a l - (1989) . 
Both the c u l t i v a r s responded t o d i f f e r e n t concen t ra t i ons o f 
SOg (0.174 mg/m^ and 0.213 mg/m^). Both SOg concen t ra t i ons 
reduced the r e p r o d u c t i v e y i e l d i n bo th t h e c u l t i v a r s . 
Reduct ions i n y i e l d was d i r e c t l y r e l a t e d t o concen t ra t i on of 
SO2 used. 
SO2 was found t o induce g row th r e d u c t i o n s i n w h e a t , 
T r i t i c u m aest ivum ( W i l s o n , e t a j . . , 1990 ) . Ten open t o p 
chambers were used t o ob ta i n SOg concen t ra t i on - response 
r e l a t i o n s h i p f o r growth i n wheat cv. Banks. Two-week-old 
s e e d l i n g s were exposed t o 0 . 0 0 4 , 0 . 0 4 2 , 0 . 1 2 1 , 0 .256 or 
0.517 jj 1 1 " ^ SO2 f o r 79 d a y s , 4 h per day . Response 
v a r i a b l e s measured i n c l u d e d h e i g h t , s h o o t w e i g h t , 
development s tage, t i l l e r number, ear w e i g h t / p l a n t , average 
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ear weight and total ear number. All growth parameters were 
significantly negatively affected by SO2 concentrations 
given above including 0.042^ 11~ . 
Long term effect of SOg on growth and yield of Hordeum 
vulgare cv. K-192 has been studied. The long term effect of 
0.12 and 0.25 ppm of SO2 was measured in terms of plant 
height, shoot and root length, number of leaves, number of 
tillers and fresh weight of shoot and root, chlorophyll 
contents and yield. A significant reduction was observed 
in all growth parameters in both 0.12 and 0.25 ppm SO2. 
Reduction was also significant in leaf area injury, leaf 
area reduction, leaf extract pH, ascorbic acid, phosphorus 
and carbohydrate contents when 75-day-old leaves were 
analysed. Dry matter fraction and net primary productivity 
of 30-day-old plants were decreased by 20 and 24% and 21 and 
25aj in 0.12 and 0.25 ppm SOg respectively. Flowering and 
spike maturation were slightly advanced in SO2 treated 
plants (Chand et al-, 1989). 
Physiological responses of Vicia faba to SO2 were 
determined by Nandi et al . (1990). Exposure of broadbean 
plants to 270 + 32 and 670 + 45 m~^ SOg for 1.5 h daily 
between 40 and 85 days of their ages resulted an increase in 
their transpiration rate, water saturation deficit, phenol 
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content and peroxidases activity and a decrease in protein 
content. With the increase in number of exposures of plants 
to SOp, chlorotic and brown necrotic visible injury signs 
also developed in leaves. It was further noted that 
nnagnitude of undesirable biochemical changes which possibly 
helped in formation of new pigment characteristics of 
necrotic tissues of SO2 exposed plants was not totally 
dependent on those pollutant concentrations. 
Kropff et al. (1989) studied the effect of long term 
exposure to SO2 on a field crop of broad bean. The plants 
were exposed to elevated SOg concentration in 3 growing 
seasons in order to analyse the effects on crop growth under 
field conditions. In 1985 and 1988, the rate of growth of 
crops was depressed at the end of pod filling period. This 
resulted in reduction of total dry matter production of M% 
in 1985 and 9% in 1988 and a seed field reduction of 23515 in 
1985 and ^0% in 1988. In 1986, the dry matter growth was 
not analysed upto end of growing season due to an infection 
of Botrytis fabae. In all experiments, no significant 
reduction in dry matter growth were observed in vegetative 
and early reproductive phases. In another experiment, 
Kropff (1990) reported the quantitative analysis of damaged 
compounds. The experiment conducted on broadbean in 3 open 
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a i r fumiga t ion system were i n t e r r u p t e d i n terms o f damaged 
components w i t h a mechanis t ic s t i m u l a t i o n model. The e f f e c t 
cons is ted of dry mat ter loss through lea f absc i ss ion and a 
reduced growth r a t e a t t he end o f g r o w i n g p e r i o d due t o 
reduc t ion of amount of absorbed r a d i a t i o n by canopy. D i r e c t 
e f f e c t s of SOp on lea f photosysnthes is exp la ined on e x t r a 
loss o f )0% i n y i e l d . The l o s s e s ranged f r o m 7 t o 17 
percent of con t ro l y i e l d . Increased r e s p i r a t i o n exp la ined 
another ^0% y i e l d r e d u c t i o n . Cer ta in p h y s i o l o g i c a l and 
b iochemica l e f f e c t s o f SO2 on wheat v a r i e t i e s have been 
repor ted by Pagvi e t al. (1991). Twenty v a r i e t i e s o f wheat 
developed f o r d isease r e s i s t a n t , improvement i n y i e l d 
q u a l i t y were s tud ied f o r a d a p t a b i l i t y towards SOg p o l l u t i o n . 
I t was observed t h a t v a r i e t i e s K-816, K-7402, K-7915 and UP-
368 seemed t o be more s e n s i t i v e t o SOp wh i l e Sona l i ka , HI-
1077, K-8565, K-7410, HUW-206 were t o l e r a n t . Agrawa l and 
Modhool ika (1991) r e p o r t e d t h e e f f e c t o f SOg e x p o s u r e on 
c h l o r o p h y l l content and n i t rogenase of V i c i a faba p lan ts 
f u m i g a t e d w i t h v a r y i n g c o n c e n t r a t i o n s o f SO2 caused 
i n t e r v e i n a l c h l o r o s i s on both lea f sur faces and s i g n i f i c a n t 
d e c r e a s e i n t o t a l c h l o r o p h y l l as w e l l as d e c r e a s e i n 
n i t r o g e n a s e i n r o o t n o d u l e o f SOg e x p o s e d p l a n t s . 
Gupta e t a l . (1993) repor ted the e f f e c t s o f SOg fum iga t i on 
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on bottle gourd when its two cultivars viz. Kalyanpur long 
and Pusa summer were exposed to 0, 334, 667, 1334, 2001 and 
2668 yj gm~^ SO2 in 5 replications of 100 each for 3 h a day 
and for 5 consecutive days. SO2 exposure reduced seed 
germination, seedling survival and seed vigour. Various 
parts of seedlings exhibited an increase in their length 
while fresh and dry weight were reduced. 
The reproductive developement of rape seed (Brassica 
napus) was found to be significantly reduced by exposure to 
SO2 (Bosac, 1993). When the seeds of chickpea and lentil 
were exposed to SOg at 0.1 ppm and 0.2 ppm, seed germination 
was found to be inhibited and the post emergence motality of 
the seedlings occurred. Chickpea was more sensitive than 
lentil to the exposure at germination stage. But after 
emergence the seedlings of lentil exhibited more sensitivity 
than chickpea (Singh, 1989). Intermittent exposure of black 
gram to SO2 (0.05 ppm and 0.1 ppm) for 3 h on alternate days 
for 80 days suppressed plant growth shoot and root length, 
weights of root and shoot out did not cause significant 
reduction in pod or seed number. Yield was not 
significantly reduced (Kulshreshtha, 1995). 
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OZONE (O3) 
Ozone as gaseous air pollutant induces characteristic 
symptoms. Plant species also differ in their sensitivity to 
O3. Hill (Bt al. (I960) studied the phytotoxicity of O3 on 34 
plant species in controlled atmosphere greenhouse. Plants 
were subjected at various stages of growth to 0.13 - 0.72 
ppm O3 for 2 h periods. Twenty eight species developed 
symptoms which had the tendency of increasing sensitivity 
with maturity of tissues. On the plants with adaxial 
palisade parenchyma, chlorotic spots and bleached nectrotic 
areas developed on upper leaf surface. Later on the 
necrotic spots extended throughtout the area of the leaf. 
Exposure of white beans to O3 under field conditions lead to 
developement of necrotic lesions on leaf surface which is 
symptomatic of a disorder known as bronzing. This type of 
injury can cause substantial yield reductions (Hofstra et 
al. , 1977). There are, however, cultivars of Phaseolus 
vulgaris which exhibit tolerance to O3 at moderate dosages 
and it is genetically possible to transfer this tolerance 
into white bean cultivars which are more agronomical1y 
suitable to this region (Beversdorf and Hue!, 1982). 
Gentile et al. (1971) evaluated accessions, breeding 
lines and varieties of Lvcopersicum spp. and one accession 
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of Solarium pennel 1 i 1 for th^ir sensitivity to controllecl 
concentrations of O3 and to ambient air. The plant material 
was exposed in different stages of development to controlled 
O3 concentrations of 0.25 ppm for 3h, 0.05 ppm for 2 weeks 
and to 0.10 ppm for 4 weeks. Based upon the degree of foliar 
injury, the tested material was separated into tolerant, 
intermediate and sensitive pobulations. The highest degree 
of toTerance was observed fn 4^ escuTentum and the highest 
degree of sensitivity in the L^ pimpinel1ifolium. 
Foliar injury caused by 0^ in lettuce (Lactuca sativa) 
and radish (Raphanus sativus) were studied by Reinert et al. 
(1972). Eight lettuce and nine radish cultivars were exposed 
for 1.5 h to 70 and 35 ppm O3 respectively and ranked 
according to their sensitivity. 'Dark green Boston' was the 
most sensitive while 'Great lakes' and 'Black simpson' were 
the least sensitive of lettuce cvs. tested. Cultivar 
sensitivity was also tested in 12 cultivars of tomato 
exposed to 40 ppm O3 for 1.5h in separate morning and 
afternoon exposures. Results Showed that cultivars exposed 
in the afternoon developed more injury than similar 
cultivars exposed in the mornihg. 
Duration of exposure and pre-treatment also influence 
the injury caused by O3. Runeckles and Rosen (1974) studied 
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the e f f e c t of p re- t rea tment w i t h low concen t ra t ions of 0^ on 
bean (Pol ichos lab lab) and mint (Mentha v i n d i s ) . Resu l ts 
i n d i c a t e d t h a t acute O3 i n j u r y t o bean (an O3 - s e n s i t i v e 
spec ies) i s reduced more than 50X by p re - t rea tment w i t h a 
low leve l of O3 as compared w i t h p re - t rea tment in O3 f r e e 
a i r . I n c o n t r a s t , m i n t ( an Oo - t o l e r a n t s p e c i e s ) 
demonst ra tes a synerg ism of low and i n j u r i o u s doses . The 
reduc t i on i n s e n s i t i v i t y of bean i s accompanied by longterm 
e f f e c t of low O3 leve l s on stomatal conductance. 
Knudson e t a l - (1977) suggested t h a t O3 i n j u r y can be 
d e t e r m i n e d by d e t e r m i n a t i o n o f l e a f c h l o r o p h y l l 
c o n c e n t r a t i o n s . They ex t rac ted l ea f c h l o r o p h y l l f rom wh i te 
bean (Phasedus v u l g a r i s ) cv. P in to p lan ts w i t h ethanol and 
a n a l y s e d s p e c t r o m e t r i c a l 1 y . The p e r c e n t c h l o r o p h y l l 
r educ t i on of O3 i n j u red leaves was h igh l y c o r r e l a t e d w i t h 
the percent v i s i b l e nec ros is . Ch lo rophy l l de te rm ina t ion made 
f o r l e a v e s h a r v e s t e d a t i n t e r v a l s a f t e r O3 t r e a t m e n t 
i n d i c a t e d t h a t maximum c h l o r o p h y l l reduc t ion had occur red by 
4 days. 
E f f e c t s of O3 on crops were s tud ied in U.K. by Ashmore 
e t a l . (1980) and v i s i b l e f o l i a r i n j u r y was r e p o r t e d i n 
p l a n t s o f pea (Pisum sa t i vum) . Comparative study o f p l a n t s 
g r o w i n g i n f i l t e r e d and n o n - f i l t e r e d a i r and b e t w e e n 
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cultivars differing in O3 sensitivity supported the 
hypothesis that elevated concentrations of O3 had caused the 
injury. At the same time, cotyledons of Raphanus sativus 
plants showed an accelerated rate of senescence. Johnston 
and Heagle (1982) reported the response of chronically 
ozonated soybean plants to an acute Oo exposure. Plants were 
exposed to a low concentration or to charcoal filtered air 
for 6h/day. One day after the last chronic exposure, plants 
were exposed for 3h to 0.20 ppm O3 or to filtered air. 
Plants exposed to chronic doses of O3 below visible injury 
threshold were more sensitive to the acute dose than were 
plants exposed to filtered air. Plants exposed to chronic O3 
doses above the visible injury threshold were less 
susceptible to acute O3 dose than were plants exposed to 
filtered air. The predisposition towards greater sensitivity 
to acute O3 dose tended to be cumulative over time and was 
partially revealed by treatment with filtered air prior to 
acute exposure. 
Sensitivity of 3 leguminous crops: Cicer arieti num. 
Vigna mungo and Trigonella foenum graecum to O3 was studied 
by Kasana (1991). Plants of different ages were fumigated 
with zero and 120 ml litre -1 O3, from 09. 30h to 16.30h 
each day for 4 weeks in hemispherical chambers located 
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outdoor. True leaves were fairly resistant when young but 
later they became more sensitive. Premature senescence and 
earlier abscission of leaves and flower and abortive fruit 
drop were also observed. Results showed that plants of these 
legumes in early stage of growth were more vulnerable to O3 
damage and that the developement or physiolocical age was an 
important factor in O3 sensitivity. Concentration of 
O3, exposure duration, kind of the plant and its age are 
important determinants of extent of injury and development 
of specific symptoms. A number of studies have been carried 
out to determine the impact of ozone on growth and yield of 
several crop plants. Ormrod et aj_. (1971) reported the 
responses of 3 crops viz. Cucumber (Cucumis sativus), onion 
(Allium cepa) and potato (Solanum tuberosum) to O3. The 
plants grown in greenhouse were fumigated with O3. for short 
periods at 2-3 weeks from seedling stage. Observations were 
made over a 4 week post - fumigation period. Generally when 
the plants were fumigated with 100 pphm O3 for one h, there 
were no marked responses. Fumigation at the same 
concentrations for 4h resulted in reduction of dry with, 
accompanied by leaf injury symptoms. Per cent reduction in 
dry weight ranged upto 37 in cucumber and 47 in onion. 
Inhibition of flowering of potato plants was accompanied by 
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accelerated leaf senescence. Susceptibility of these species 
to Oo in decreasing order, followed the sequence : onion, 
cucumber, potato. Heagle et aj.. (1972b) while 
conducting experiments on two varieties of sweet corn (Zea 
mays L-) namely. 'Golden Midget' and 'White Midget' 
concluded that both varieties differed in their sensitivity 
to O3 as indicated by amount of visible injury and by 
reduction in growth and yield. Plants receiving 10 pphm O3 
were showing more reduction (5% level). Both the varieties 
were exposed to 0.5 or 10 pphm O3 for 6h/day. Since the O3 
levels used in this experiment were lower than those 
commonly found in the air surrounding urban areas, the 
results suggested that measurable yield losses in corn due 
to air pollution may be greater than was previously 
recognised. 
Turner et al. (1972) reported reduction of dry weight 
of tobacco plants on exposure to O3. Four tobacco cultivars 
that varied in their sensitivity to O3, were grown in the 
field and in 2 greenhouses, one with charcoal filtered air 
and one with unfiltered air. The plants were compared for 
stomatal conductance, stomatal frequency, height, over dry 
weight, leaf area and amount of fleck injury. In O3 free 
air, the two O3 sensitive cultivars grew more than did the 
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two Og tolerant cultivars. The converse was true when the 
plants were grown in unfiltered air. The reduction ot dry 
weight in the unfiltered air accompanied a reduction in 
green leaf area caused by flecking and early senescence of 
damaged leaves. 
Yield responses of carrot to O3 and O3 injury were 
studied by Bennett et al. (1976). Container grown plants of 
carrot (Daucus carota) exposed intemittently to 0.19 or 0.25 
ppm O3 throughout their growth period increased in plant 
height and total number of leaves in spite of development of 
chlorotic leaves in spite of development of chlorotic 
leaves. Leaf dry weight was unaffected by O3 but root drv 
matter decreased 32 to 46*. As a result, the root 
weight/total dry weight ratio and root/shoot ratio declined 
significantly in presence of O3. A regression of root dry 
weight on chlorotic leaf dry weight explained 35% of root 
loss and predicted that 1.5 g of root tissue is lost for 
every gram of chlorotic leaf dry weight caused by O3 injury. 
Yield response of winter wheat to chronic doses of O3 
were examined by Heagle et BLL. (1979a). The relative 
sensitivity of soft red winter wheat cultivars exposed as 
young plants to ambient levels of O3 was determined. Plants 
of 4 cultivars grown in pots or ground were exposed for 54 
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days in open top chambers to different O3 concentrations 
added to existing levels of ambient oxidants for 7h/day. The 
effects of O3 on foliar injury, growth and yield were 
determined. For the 4 cultivars combined, the threshold O3 
concentration 7h/day for significant injury and decreased 
growth and yield was between 0.06 and 0.10 ppm. For potted 
plants exposed to 0.10 and 0.13 ppm O3 seed weight yields 
were 10 and 27% less respectivley than those grown in 
charcoal filtered air chambers (0.03 ppm O3). For plants in 
grounds exposed to 0.10 and 0.13 ppm O3., the yields were 16 
and 33% less respectively than for those at 0.03 ppm O3. 
Loss of yield has been attributed to damage of foliar 
response. Ozone induced leaf proliferation in pepper 
(Capsicum annuum) and a retention of photosysnthesis in 
leaves at the expense of fruit TBennett et aj_. , 1979). 
Similarly, O3 reduced photosynthate partitioning from leaves 
into roots in several crops. Effects of O3 on injury and dry 
matter partitioning was studied in pepper plants. The plants 
were grown in containers and were exposed intermittently to 
0.12 or 0.20 ppm O3 for 106 days. Inspite of formation of 
chlorotic areas on leaves, the number of leaves and plant 
height increased. On an absolute basis, root, stem and leaf 
dry weight were not significantly affected by O3. O3 also 
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significantly enchanced the increased relationship between 
crown fruit and leaf production. 
Stomata have an important role in O3 injury to plants, 
as they are portals of entry for O3, Stomatal mechanisms 
determining genetic resistance to O3 in Phased us vulgaris 
were investigated by Butler and Tibbittis (1979). The O3 
sensitive bean cultivars 'Spurt' and 'Blue Lake Stringless' 
and the O3 resistant cultivars 'Black Turtle Soup' and 
'French's Horticultural' were grown from seed in a growth 
chamber. The resistant cultivars had 255(i fewer stomata per 
mm^ leaf area than sensitive and exhibited partial stomatal 
closure following exposure to 134 pphm O3 for 1h while the 
sensitive cultivars did not show closing. On the basis of 
previously established O3 dose - response data for P. 
Vulgaris, the stomatal mechanisms appeared to account for 
the differnce in O3 sensitivity between the sensitive and 
resistant cultivars. Neither leaf area nor leaf expansion 
rate were correlated with genetic resistance to O3 in these 
cultivars. Heagle et al- (1979c) reported the effect on 
plant growth while dispensing and monitoring O3 in open top 
chambers. Studies with field corn (Zea mays) and spinach 
(Spinacae oleracea) showed that chambers affected plant 
growth, yield and caused significant injury. A commercial 
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field corn hybrid 'Coker 16' was exposed to 4 chronic doses 
of O3 in open top field chambers from 25 days after 
planting until maturity. The different doses were obtained 
by adding different but constant concentrations of O3 to 
naturally ambient concentrations for 7h/dav. In the 
greenhouse, the sensitivity of 'Coker 16' to growth effects 
caused by chronic O3 exposures was intermediate to that of 
two open pedigree hybrids. Decrease in kernel yield of open 
pedigree hybrids was 37-40% but that of 'Coker - 16' was 
only by 12 per cent. Henderson and Reinert (1979) 
reported the yield responses of 4 fresh market tomato 
cultivars after acute O3 exposure in seedling stage. 
Seedlings of tomato cultivars 'Fantastic', 'Homested - 24', 
'Walter' and 'Heinz 2439' were exposed to O3, 6 times 
between the 2 and 5th weeks after emergence. Early total, 
marketable and no. 1 yield were reduced when plants were 
exposed to O3 40 pphm for 2 h for all the cultivars except 
for 'Walter' in one trial. Early marketable yield of most 
sensitive cultivars'Fantastic' was reduced on an average of 
14.7 metric tons/ha. per year at 40 pphm O3 for 2 hours. 
Early yield was affected more by O3 concentration than by 
dose. Fruit quality and fruit weight were not appreciably 
influenced by acute O3 exposure. 
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Effect of acute O3 exposure on snap bean plants at six 
different stages of its life cycle was studied by Blum e.t 
al. (1980). Snap bean plants (Phasedus vulgaris) cv, BBL -
290, and the e?<posure occurred at 0 (carbon filtered air). 
30 and 60 pphm for 21.5 h periods that were 3 days apart. O3 
reduced growth rate, absolute growth, pod production, 
nodulation and total nitrogen content but increased the 
amount of nitrogen per gram of plant tissue. The magnitude 
of these responses of growth, nodulation and nitrogen 
content varied with O3 concentration and plant age at the 
time of response. 
Heagle and Letchworth (1983) reported the injury and 
yield responses of peanuts (Arachis hypogaea) to chronic 
doses of O3 in open top chambers. The peanut plants were 
exposed during 1979 and 1980 to concentrations of O3 that 
occur in ambient air of peanut production areas in the 
United States. The different concentrations were obtained by 
adding O3 to the air of open top field chambers for 7h/day 
from the seedling stage to harvest. O3 at seasonal 7h/day 
concentrations equal to or greater than the ambient 
concentrations caused foliar injury and thereby decreased 
root and shoot weights for both years. In 1979, marketable 
pod weight per plant at seasonal 7h/day at O3 concentrations 
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Of 0.049, 0.072 and 0.096 opm was 0, 30 and 37% less 
respectively than for control plants in chambers that 
received charcoal filtered air with a seasonal 
concentrations of 0.026 ppm Og. In 1980, yield at seasonal 
concentrations was 14,35,52 and 7% less than that for 
control treatment. 
Kress and Miller (1983) estimated the impact of ozone 
on soybean yield. Field grown soybeans cv. Corsy were 
exposed to O3 for 7h daily for 56 days in open top chambers. 
The air in the chambers was either charcoal filtered or non-
filtered, with various constant amounts of O3 added. The 
randomized block design incorporated four replications of 6 
treatments : No chamber (0.042 ppm O3, seasonal 7 h 
average) : chamber with charcoal filtered air (0.22 ppm O3) 
; and chambers with non-filtered air plus added O3 to 
provide concentrations of 0.042, 0.064, 0.089 and 0.115 ppm 
O3 treatments. A liner reduction in seed weight per plant 
with increasing O3 dose was significant and yields were 
reduced 5, 23, 39 and 525»S for the 0.042, 0.064, 0.089 and 
0.115 ppm O3 treatments, respectively, compared with the 
0.022 ppm treatment. 
Kohut and Laurence (1983) studied the yield response 
red kidney beans to incremental O3 concentrations in field 
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on open top chambers for 21 days during pod filling. 
Treatments consisted of ambient plots without chambers 
receiving non - filtered air to which either 0.01, 0.03, 
0.06, or 0.09 ppm 0^ was added for 7 h/day. The addition of 
0.06 or 0.09 ppm O3 produced foliar injury, extensive 
defoliation and reduction in per plant bean yield of 24 and 
27% respectively. Regression analysis indicated a signifi-
cant linear relationship between 7h mean or concentration 
and yield/plant. 'Roland' was significantly more sensitive 
to O3 than 'Abu' and 'Arthur - 71'. There also was 
indication of greater sensitivity to O3 in 1982 vz. 1993. 
Kress and Miler (1984) studied the impact of O3 on grain 
sorghum yield. Plants of grain sorghum (Sorghum vulgare) 
were grown in open - top chambers in field and exposed to O3 
(7 hr day"' seasonal mean concentrations of 0.016, 0.040, 
0.059, 0.078, 0.102, and 0.129 ppm) for 85 days to determine 
the impact of O3 on grain yield. Foliar injury was noted at 
the two highest O3 treatments. Analysis of variance of the 
data indicated highly significant O3 effects on overall 
grain yield. There was a general decrease in yield of O3 
increased and the overall grain yield reductions were caused 
primarily by reduction in individual seed weight. Yields 
were not markedly affected at O3 concentrations below the 
39 
0.10 ppm treatment and the predicted yield loss of 15* at a 
seasonal 7h mean O3 concentrations of 0.13 ppm indicates 
that grain sorghum exhibits considerable tolerance to Og. 
They also determined impact of O3 on yield of field corn 
(Zea mays). Plants of two hybrids were grown in open top 
chambers and exposed to O3 for 83 days to determine the 
impact of C3 on grain yield (Kress and Miler, 1985). 
Reduction in quality and quantity of 2 potato cultivars 
caused by ozone was reported by Pell and Pearson (1984). 
'Cherokee' and ; Norchip' cultivars of potato were exposed 
to acute doses of O3 once every 14 days of throughout 
growing season and this resulted in decreased weight and 
number of tubers of both cultivars along with decrease in 
dry matter also. Total glycoalkoloid content of 'Norchip' 
and 'Cherokee' also decreased. Impact of O3 on the 
yield of winter wheat was determined by Kress et al- (1985). 
Plants of 3 cultivars (Abe, Arthur -71, and Roland) were 
grown in open top chambers in field and exposed to O3 
daily throughout the spring season. All three cultivars were 
exposed to 7 h/days seasonal mean O3 concentration of 0.023, 
0.041, 0.068, 0.95 and 0.122 ppm for 55 days in 1982 and the 
two cultivars were exposed to 0.018, 0.044, 0.062, 0.078 and 
0.095 ppm for 53 days in 1983. The air in chambers was 
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either charcoal filtered or non-filtered with various 
constraints of O3 added to ambient Oo. Also included was a 
non chambered ambient plot. About one third of overall gram 
yield reduced in 1982 and were accounted for by reduction in 
seed number/m but in 1983, seed number/m, was not reduced. 
Foliar injury was noted on some plants at the elevated O3 
concentrations but was never more than 5% on an individual 
leaf. Significant O3 effects occurred on overall grain 
yield, seed weight, seeds per cob, cob weight and cob length 
for both hybrids. Small reductions in overall yield were 
due to reduced individual seed weight. Larger overall yield 
reductions were due to reductions in seed weight and number. 
Responses of beans (Phaseolus vulgaris) cv. California Dark 
red kidney to stimulated ambient and uniform O3 distribution 
with equal peak concentrations were studied by Musselman et 
al. (1986). Responses of bean plants to two different O3 
concentration distributions were examined at 2 dose levels 
in controlled fumigation when peak O3 concentrations were 
equal and total dose equivalent there was no difference in 
injury, growth or yield between a stimulated ambient 
distribution with normal diurnal O3 fluctuations and uniform 
O3 distribution had oxidant stipple leaf necrosis and 
reduced growth and yield. There was significantly increased 
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injury and reduced growth and yield at high O3 dose for both 
distributions. 
Heagle et a1. (1986) reported the responses of soybeans 
(Glycine max (L.) Merrill 'Devis') to choronic doses of O3 
applied as constant or proportional additions to ambient 
air. Field grown soybeans were exposed to chrome doses of 
O3 for 7h/day from shortly after emergence until maturity. 
The O3 doses were applied by supplementing the O3 present in 
unfiltered air in open top O3 chambers. O3 was added in 
constant or in variable amounts which were proportional to 
ambient O3 concentrations. The two methods of addition gave 
similar seasonal mean O3 concentrations but there were 
greater fluctuations and higher peak concentrations with the 
proportional method than with the constant addition method. 
Regression of yield responses on O3 concentrations showed no 
significant differences between types of additions and was 
similar to that obtained for 'Davis' in 1981. It has 
been shown that exposure of Yicia faba plants to 0.06 ppm O3 
for 1.5 h daily for 40 consecutive days to 60—100- day-old 
plants resulted in increase of transpiration rate, reduction 
in growth of root and shoot phytomass and net primary 
productivity (Agarwal et al. . 1985). Chlorophyll content of 
soybean foliage in relation to seed yield and ambient O3 
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po l l u t i on has been reported (Brennan et a l - , 1987). Eight 
soybean cu l t i va rs were grown to matur i ty in tes t p lo ts in 
central New Jersey. One hal f of p lo ts were t reated with an 
ant i tox idant to protect plants from e f fec t of ambient O3 and 
one h a l f were l e f t u n t r e a t e d . P e r i o d i c c h l o r o p h y l l 
measurements revealed no s i g n i f i c a n t d i f f e r e n c e between 
t rea ted and untreated p l o t s du r ing major p a r t of p l a n t 
g r o w t h . The r e s u l t s showed q u i t e s i g n i f i c a n t y i e l d 
reductions. Loss assessment fo r four vegetable crops ( leaf 
le t tuce , green onion, t u rn ip and bean) due to a i r po l lu tants 
was done by McCool and Musselman (1987) . The exper iments 
were done in a f i e l d chamber system using a gradient of a i r 
po l lu tants to 100, 90, 80, 70, 60, 50, 35, 20 and 0% of 
ambient p lus added O3 . Dose response f u n c t i o n s were 
calculated for the four crops using both a 2h seasonal mean 
dose s t a t i s t i c a l and a 0.10 ;u 11~ threshold dose summary. 
Crop y ie ld loss funct ions of green onion, tu rn ips and beets 
were s i gn i f i can t wi th 12-h seasonal mean Og dose. 
Berchtold e t aj.- (1988) s tud ied the r e g u l a t i o n of 
photosynthesis in leaves of f i e l d grown s p r i n g wheat cv . 
A lb is at d i f f e ren t leve ls of O3 in ambient a i r . The plants 
were fumigated d a i l y w i t h charcoal f i l t e r e d a i r , non-
f i l t e r e d a i r and enriched wi th e i ther 0.07 or 0.10 ml per 
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liter of Q3. Photosynthetic 14CO2 uptake was measured in 
situ. Net photosynthesis, dark respiration and CO2 
compensation concentration at 2 and 21 percent 0^ were 
measured in laboratory. Photosynthesis of flag leaves was 
highest and decreased in response to increasing mean O^ 
concentration. The decrease in photosynthesis was associated 
with decrease in cholorophyll and ribulose Diphosphate 
adenylates. Heck ejt al. (1988) reported the 
differential responses of four cultivars of bean to chronic 
doses of O3. Four cultivars of bean with different 
sensitivities of O3 were exposed to chronic doses of O3 for 
7h/day in early and late season studies. Plants were pot 
cultured in open top field chambers. Greater than ambient O3 
doses were applied by supplementing the O3 present in the 
unfiltered air with additional O3 to a constant rate for 
7h/day. Results suggest that acute screen used can predict 
the relative yield response of cultivars grown under field 
conditions when very sensitive and very resistant cultivars 
were compared. The results showed that bean germ-plasm had 
traits for resistance to O3 at the levels of O3 but the 
resistance was lost with increasing O3 concentration. 
Mc Cool et al. (1988) studied responses of kidney bean to 
sequential O3 exposures. The plants were exposed to 0.30 ppm 
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Responses of processing tomato cultivars to O3 has been 
assessed (Temple, 1990). Result showed that ambient levels 
of O3 had relatively little effect on vegetative growth or 
yield of these tomato cultivars but that 1.5 times ambient 
O3 concentrations reduced yields from 17% in cv. "UG 204 C" 
to 5A% in cv. "Hybrid". 
Pleijel and Skarky (1991) studied the yield and grains 
quality of spring wheat cv. Drabant exposed to different 
concentration of O3 in open top chambers for 2 growing 
seasons. The chambers were placed in a field of commercially 
grown spring wheat. The treatments included non-filtered air 
(NF),charcoal filtered air (CF) and non-filtered air plus O3 
(NF"*"). Grain yield was affected by O3 concentration of the 
air. Air filtration resulted in an increase in grain yield 
of about 7 per cent. The addition of O3 (NF"*", NF"*""*") reduced 
grain yield and increased the content of crude protein of 
grain. 
Effect of ambient air pollution in open top chamber on 
bean plants were examined by Schenone et aj.. (1991). The 
fully grown plants were exposed to ambient air pollution at 
2 sites (urban and rural) in Northern Italy. At each site, 3 
open top chambers received charcoal/Purafi1 filtered air (F) 
&nd 3 ambient, non-filtered air (NF). Net photosynthesis, 
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crop loss assessment network (NCLAN) and were used t o 
est imate y i e l d reduc t ions f o r w i n t e r wheat, co rn , soybean, 
co t ton and tobacco dur ing 1982 t o 1984 growing seasons. 
R e d u c t i o n s f r o m 0 - 2 0 * o f p o t e n t i a l c r o p y i e l d s were 
est imated due t o ambient O3. s i m i l a r l y e f f e c t s of O3 on crop 
were s tud ied i n Sweden (Skarby and B o d i l , 1988) where O3 
concen t ra t i on exceeded 0.06 ppm (120/ jgm ) 1 h . , mean summer 
s i n c e c o n t i n u o u s m o n i t o r i n g began i n 1 9 7 2 . A maximum 
c o n c e n t r a t i o n o f 0 . 2 0 ppm was r e c o r d e d i n 1975. s i x 
experiments were c a r r i e d out i n crop f i e l d s t o determine i f 
O3 a f f e c t s crop y i e l d and q u a l i t y . Snyder e t a l - (1988) 
repor ted the e f f e c t s of ambient O3 on f o l i a r i n j u r y , growth, 
y i e l d and q u a l i t y of muskmelon (Cucumis me1o). The s tud ies 
were conducted i n open top chambers. Those grown in charcoal 
f i l t e r e d chambers compared t o those grown i n n o n - f i l t e r e d 
chambers showed s i g n i f i c a n t d i f f e r e n c e s i n s e v e r i t y o f 
v i s i b l e f o l i a r i n j u r y . Ambient O3 d i d n o t a f f e c t s o l u b l e 
s o l i d s c o n t e n t o f mature f r e s h f r u i t nor f o l i a g e f r e s h 
we igh t a t f i n a l h a r v e s t . R e s u l t s i n d i c a t e d t h a t amb ien t 
c o n c e n t r a t i o n s o f O3 i n s o u t h - w e s t e r n I n d i a n a caused 
s i g n i f i c a n t f o l i a r i n j u r y and t h e r e b y y i e l d l o s s e s t o 
muskmelons. 
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Miyake et al. (1989) reported the effects of low 
concentration of 0^ on fine structure of radish. The plants 
were fumigated with 0.1 or 0.05 ju 11~^ O3 for 8 or 24h., a 
day for 6-18 days and leaf tissues examined by light and 
electron microscopy. Ultra-structural damage was apparent in 
leaves fumigated with as low as 0.05ju 11" O3 for 8h, a day 
for 6 days. O3 induced an increase in both number and size 
of plastoglobules but decrease in choloroplast dimensions. 
Low concentration of O3 appeared to accelarate senescence of 
chloroplast. 
Brennan et al. (1990) assessed the impact of ambient O3 
on field grown crops in New Jersey using the EDU method on 
soybean plants. The yield of eleven commercially grown 
soybean cultivars were compared in EDU treated and 
nontreated field plots for a period of 4 years. No 
statistically significant difference between treatments was 
found for any cultivar. The ambient O3 therefore did not 
adversely affect soybean yield. 'Sanilac' white bean, a 
legume known to be more sensitive to O3 than soybean was 
found to produce a significantly greater yield in EDU 
treated than non-treated plots. The results indicated that 
specific EDU protocol used in the soybean experiments was 
capable of detecting an O3 effect in a legume. 
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O3 for 3h at 12 days of age. Subsequent second exposures of 
same dose applied at 13, 14, 15, 16, 17 or 18 days of age. 
The results indicated that plants become tolerant to second 
fumigation if the exposures were closely spaced. In separate 
experiments, an interval of 3 or 5 days between exposures 
was necessary to detect a deterimental growth response in 
stem, leaf and total dry weight parameters. Myhre et 
al. (1988) reported the reduction of net photosynthesis in 
oats after treatment with low concentration of O3. Oats cv. 
Titus were exposed to low concentrations of O3 in an 
assimilation chamber system. Net photosynthesis (net COg 
uptake) measured before and after O3 fumigation showed 
significantly different reasons for leaves of different age. 
The oldest active leaf was most sensitive to O3. For leaves 
exposed to 0.150 ppm O3 for 2h net photosynthesis was 
reduced significantly for 4h, after which recovery occurred. 
Dark respiration was initially more than doubled after 
exposure to 0.130 ppm. There was no visible injury after any 
of experiments. The results indicated that O3 may cause crop 
losses through effects on photosynthesis. Brewer et al . 
(1988) reported crop losses due to ambient O3 in Tennesse 
valley. Rural and urban O3 monitoring data far Tennese 
valley and crop loss models were developed under national 
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stomatal conductance and t r a n s p i r a t i o n of se lec ted leaves 
were measured f rom J u l y t o September 1989. The r e s u l t s 
showed t h a t ne t p h o t o s y n t h e s i s o f NF p l a n t s decreased 
p r o g r e s s i v e l y d u r i n g season i n c o m p a r i s o n w i t h f i l t e r e d 
ones. The maximum impai rment o c c u r r e d d u r i n g r i p e n i n g o f 
pods. Ambient O3 i s suspected t o be major a i r contaminant 
invo lved in causing the observed p h y s i o l o g i c a l e f f e c t s . 
Fuhrer e t a l - (1992) repor ted the response of sp r ing 
wheat t o O3 a t h igher e l eva t i ons (900 m ). The e f f e c t s of O3 
on y i e l d , y i e l d components, and g r a i n compos i t ion of spr ing 
wheat was i n v e s t i g a t e d in 1989 and 1990. P lan ts were grown 
f r o m 3 l e a f s t a g e u n t i l h a r v e s t i n open t o p chambers 
v e n t i l a t e d w i t h charcoal f i l t e r e d a i r (CF), u n f i l t e r e d a i r 
(UF), w i t h one o f the two l eve l s of O3 added when g loba l 
r a d i a t i o n e x c e e d e d 400 Jm~^ s ^ . Mean 7 -hd~ O3 
concen t ra t ion i n CF, O3-I and O3-2 t rea tmen t r e s p e c t i v e l y , 
was approx imate ly 0 . 5 , 1.4 and 1.8 t imes the concent ra t ion 
i n UF t rea tment which was 70 ju gm~^ i n 1989 and 76 y gm~^ i n 
1990. Grain y i e l d decreased w i t h i nc reas ing seasonal mean O3 
c o n c e n t r a t i o n as a r e s u l t o f r e d u c t i o n s i n w e i g h t o f 
i n d i v i d u a l g r a i n s and i n number of g r a i n s per head. A small 
decrease i n r a t i o between g r a i n w e i g h t and t o t a l above 
around biomass i n d i c a t e d a s h i f t i n biomass a l l o c a t i o n . 
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The influence of O3 on gas exchanges, growth and 
nutrient status of radish plants was studied by Barnes and 
Pfirrmann (1992). Five days after emergence, radish plants 
were transferred to a phytotron, where they were exposed to 
4 large controlled climate chambers to 2 O3 regimes. Leaf 
gas exchange measurements were made at intervals and visible 
Og damage affects on growth, dry matter partitioning and 
mineral composition were assessed at a final whole plant 
harvest after 27 days. O3 depressed and induced slight 
stomatal closure with the result water using efficiency 
declined. All the plants developed typical symptoms of O3 
visible injury. It also increased P and K concentration in 
shoot and root tissues. The effects of Oo on stomatal 
behavior of Egyptian varieties of radish (cv. Baladey) and 
turnip (cv. sultani) was studied by Hassan et al. (1984). 
Exposure to O3 decreased photosynthetic rate in both species 
while stomatal conductance was increased in radish and 
decreased in turnip. Scanning electron microscopy (SEM) of 
fumigated leaves showed that increase in stomatal 
conductance resulted from collapse of epidermal cells. 
Kobayashi et al- (1994) designed a system for exposing 
rice (Orvza sativa ) to O3 in a paddy field. The system 
consisted of four O3 generators, 5 exposure chambers 
5i) 
equipped w i t h v e n t i l a t i o n f a n s on b o t h e n d s , and on O3 
measurement and c o n t r o l system. Rice p l a n t s were exposed f o r 
whole growing season. The r e s u l t s i n d i c a t e d a s a t i s f a c t o r y 
p e r f o r m a n c e o f f i e l d e x p o s u r e chamber s y s t e m f o r i t s 
i n t e n d e d u s e . The h o r i z o n t a l d i s t r i b u t i o n o f O3 
concen t ra t i on w i t h a chamber showed + 105*5 o f v a r i a t i o n w i t h 
lowest values a t cen t re and both ends o f chambers. 
SULPHUR DIOXIDE (SOg) + OZONE (O3) 
Sulphur d iox ide and ozone can be found i n mixture i n 
ambient c o n d i t i o n s and j o i n t l y cause s y n e r g i s t i c e f f e c t s . A 
number o f s t u d i e s conduced i n c o n t r o l l e d c o n d i t i o n s have 
shown such e f f e c t s . Heagle ejt a l . ( 1 9 7 4 ) r e p o r t e d t h a t 
soybean p l a n t s can s u s t a i n some O3 i n j u r y w i t h o u t y i e l d 
l o s s . Beg inn ing 14 days a f t e r emergence , t h e p l a n t s were 
covered by chambers and exposed f o r 6h per day t o O3, SO2 
and a mix tu re of these 2 gases. The chamber t reatments were 
carbon f i l t e r e d a i r (CF) -5 pphm, O3-10 pphm (low O3 ), 10 
pphm O3 (h igh O3), 10 pphm SOg (SO2) and 10 pphm O3 + 10 
pphm SO2 ( m i x t u r e ) . SOg a l o n e o r i n m i x t u r e d i d n o t 
s i g n i f i c a n t l y a f f e c t t h e s e r e s p o n s e s . Low O3 caused 
c h l o r o s i s and d e f o l i a t i o n b u t d i d n o t reduce g row th o r 
y i e l d . High O3 and mix tu re caused i n j u r y and d e f o l i a t i o n and 
reduced growth and y i e l d . I n j u r y ( c h l o r o s i s ) was usua l l y 
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grea te r and y i e l d somewhat less i n the mix tu re than i n h igh 
O3. 
E f f e c t s of O3 and SO2 on soybeans has been s tud ied by 
P r a t t and Krupa (1976). Soybean (cv . Hodgson) p lan ts were 
fumigated w i th O3 (0.08 t o 0.25 ppm-160 t o 500 y gm"^), SOg 
(0.10 t o 0.40 ppm - 266 t o 1066 )j gm""^) and combinat ion o f 
two p o l l u t a n t s . V i s i b l e symptoms i n form of c h l o r o t i c spots 
d e v e l o p e d and were w e l l c o r r e l a t e d w i t h r e d u c t i o n i n 
c h l o r o p h y l l c o n c e n t r a t i o n . The r e l a t i o n s h i p b e t w e e n 
percentage v i s i b l e i n j u r y and acute O3 dose were model led 
us ing the method of Larsen and Heck (1976) . Fumigat ion w i t h 
SO2 alone resu l t ed i n no v i s i b l e symptoms and no s i g n i f i c a n t 
r e d u c t i o n i n c h l o r o p h y l l c o n c e n t r a t i o n a t any o f t h e 
c o n c e n t r a t i o n s u s e d . S i n g l e e v e n t f u m i g a t i o n w i t h 
combinat ions of O3 and SO2 of upto 4h d u r a t i o n r e s u l t e d i n 
v i s i b l e symptoms o f m i n e r a l d e f i c i e n c y . T h e r e was no 
s i g n i f i c a n t r e d u c t i o n i n c h l o r o p h y l l c o n c e n t r a t i o n . 
Exposures o f 2h per day f o r 5 c o n s e c u t i v e days t o t h e 
p o l l u t a n t combina t ions ( 0 . 0 8 ppm O3 and 0 .40 ppm SOp) 
r e s u l t e d i n more than a d d i t i v e v i s i b l e i n j u r y . The r e d u c t i o n 
i n c h l o r o p h y l l concen t ra t i on o f leaves exposed t o p o l l u t a n t 
combinat ions was more than i n leaves exposed t o a s i n g l e 
p o l l u t a n t . So, exposures t o c o m b i n a t i o n s o f O3 and SOg 
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result in more than additive injury compared with effect of 
single pellutant. 
Hofstra and Ormrod (1977) reported O3 and SOg 
interaction in White been and soybean. The plants were 
exposed to 15 pphm O3 and/or 7.5, 15, 30, 45 or 60 pphm SO2 
for 5 or 10 days in controlled environment facilities, O3 
induced leaf injury consisted of bronze flecking on mature 
leaves of both species. SOg caused bifacial necrotic lesions 
on mature leaves of some white bean plants exposed to 60 
pphm and had no effect on soybean leaves. The combined gases 
on white been resulted in leaf injury symptoms consisting of 
yellow interveinal chlorosis which appeared several days 
later than did bronzing on corresponding leaves exposed to 
O3 alone. In soybean O3 induced lesions appeared on leaves 
of plants exposed to combined gases but the onset of injury 
was several days later than in plants exposed to only O3. 
Effects of SO2 and O3 singly or in combination, on 
membrane permeability has been reported by Beckerson and 
Hofstra (1980). The white bean, soybean, cucumber and radish 
plants were exposed to 0.15 ppm SOg and (or) 0.15 ppm O3. 
Solute leakage increased significantly prior to visible 
injury for soybean, and white bean exposed to 0.15 ppm to 
O3 alone. This resulted in water soaked lesions on upper 
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leaf surface prior to visible coloured necrotic lesions and 
is representative of a "leaky" plasmolemma. The SOg - Og 
mixture did not increase solute leakage above that of 
control for white bean and soybean. Therefore, the presence 
of SO2 in combination with O^ reduces the effect of 0^ on 
increasing membranes permeability of white bean and soybean. 
Elkiey and Ormrod (1981) reported the sulphate and 
sulphur accumulation by Petunia leaves exposed to a mixture 
of O3 and SO2. The plants exposed to either 80 pphm SO2 or 
to 80 pphm SO2 + 40pphm O3 for 4h daily accumulated 
significantly more sulphate-sulphur in their leaves than did 
those exposed to clean air or O3 alone. Generally, less 
sulphate-sulphur accumulated after exposure to mixture of 2 
gases than after exposure to SOg alone. Ashmore and 
Onal (1984) reported the modification by SOg of the 
responses of barley to O3. Six cultivars of barley were 
exposed to 0.18 ppm of O3 for 6h, with or without addition 
of SO2 at concentration of 0.065 ppm which when applied 
alone, had ho adverse effects on plants. All six cultivars 
developed more significant leaf injury after exposure to O3 
alone than after exposure to SOg + O3. Tingey et al-
(1971) studied the effects of low concentrations of O3 and 
SO2 on foliage, growth and yield of radish. Radish (cv. 
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Cherry Belle) plants were exposed to 5 pphm O3 and or 5 pphm 
SO2 for 40h, per week for 5 weeks and compared with 
controls grown in charcoal filtered air. O3 and or SOg 
significantly reduced the plant fresh weight, leaf fresh 
weight, root fresh and dry weights and root length and 
width. The effects of the combinations of the two gases were 
additive except for plant fresh weight, root length and root 
fresh and dry weights where the effects were significantly 
less than additive. Heagle (1972a) reported the effect 
of O3 and SO2 on injury, growth and yield of soybean. 
Soybean plants were grown in field chambers and exposed to 
pollutants for 6h/day beginning 14 days after emergence. The 
treatments were 0 pphm O3, 5pphm O3, 10 pphm03, 10 pphm SOg, 
and 10 pphm O3 + 10 pphm SOg (mixture). Various plant 
responses of injury, growth and yield were evaluated. Low O3 
increased injury and defoliation and a reduction in all 
yield responses. Chronic O3 or SOg exposures, or both, 
affect the early vegetative growth of soybean of which 2 
varieties 'Culthood' and 'Dare' were exposed. The plants 
were exposed to O3 or SOg or both during the first 3 weeks 
of growth. The cv. 'Dare' developed more foliar injury than 
cv. 'Culthood'. Plant height, top and root fresh and dry 
weights and the dry shoot-root ratios were reduced by 10 
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pphm O3 treatment, treatment of 5 pphm O3, 5 pphm or 20 pphm 
SO2 had no effect on plant growth. The growth reductions 
resulting from O3 - SOg mixtures were greater than the 
additive reductions of single gases (Tingey et al-. 1973). 
Injurious effects of low concentrations of SOp and Oo on the 
leaf surfaces and stomatal conductance of field bean (Vicia 
faba) cv. Dylan was studied by Black et al- (1979). The 
plants were exposed to known concentrations of SOg and O3 
applied singly or in mixture in controlled environmental 
chambers. Exposure to low concentration of SOp caused 
reduction in net photosynthesis by 20-2b%, increase in rate 
of transpiration and injury to mesophyll end other tissues. 
Brief exposures to low levels of O3 and mi>tures of O3 and 
SO2 also depressed net photosynthesis and inc^ uced cellular 
injury. Exposure to 60 ppb O3 for 2h was sufficient to cause 
a small reduction in epidermal cell viabili^y, which 
increased sharply in severity as O3 levels were raised to 
about 120 ppb. No further increase occurred in epidermal 
cell injury after exposures to 150-300 ppb O3. Mixtures 
containing 40 ppb SOg generally caused more severe damage 
than O3 alone, particularly at O3 concentrations below 200 
ppb. SOg and O3 were found to induce changes in soybean 
growth (Reinert and Weber, 1980). Soybean plants were 
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exposed to 490 jjg Og/m^ and 665 ug SOg/m^ singly and in 
combination for 4h, three times per week for eleven weeks. 
The main effect of O3 was reduction of shoot, root, and 
plant dry weight measured at 5, 7, 9 and 11 week. The main 
effects of SO2 were a reduction of shoot dry weight at 7 
weeks and total plant growth at 11 weeks. SO2 contributed to 
the reduced growth in soybean in the absence of visible SO2 
injury. The effects of SO2 and 0^ in combination on soybean 
growth was only additive. Treatments containing O3 reduced 
the numbers and dry weight of root nodules of soybean 
compared with treatments without O3. Effects of chronic 
doses of O3 and SOg on injury and yield of soybeans in open 
top chambers was examined by Heagle et al. (1983). Soybean 
cv. 'Davis' were exposed for 7h day (111 days) to six 
concentrations of O3 and for 101 days to 4 concentrations of 
SO2 singly and in mixtures. The pollutant dose yield 
response relationships were modelled using regression 
analysis and a Weibull model analysis. Both analysis 
indicated that a dose of O3 typical of soybean production 
areas caused a seed weight decrease of 20X compared to a 
control dose of 0.025 ppm O3. SOg at levels known to exist 
regionally in U.S.A. did not cause injury or affect soybean 
yield. Impact of O3 and SOg on soybean yield has been 
S7 
reported by Kress et al- (1986). Field grown plants of two 
soybean cultivars were exposed to incremental chronic doses 
of O3 for 7h a day and/or intermittent SO2 fumigation from 
shortly after emergence until maturity. The O3 was removed 
by charcoal filtered air or applied by addition of various 
constant amounts of O3 to ambient O3 present in non-filtered 
air in open top chambers. The data suggested yield losses of 
5-15* at ambient O3 concentration and about 1% yield loss 
due to O.lOyj 11~^ SO2 in intermittent exposures. The 
effects of SO2 and O3 on (ambient concentration) biomass 
production and gas exchange of radish cv. Cherry Belle were 
determined by Atkinson et al. (1988). O3 was shown to be 
more phytotoxic than SOg. Fumigation at a concentration as 
low as 5/j mol O3 m~^ produced 'visible' injury. No 'visible' 
injury symptoms were apparent with plants fumigated with 
SO2. The effect of fumigation with O3 at concentration 
greater than 2.5 ^ mol m""^  (0.06 p 11~M was to reduce 
biomass production and alter carbon-partitioning. This was 
not so for SOg fumigated plants. O3 fumigated in their 
photosynthesis efficiency. Results indicated that these 
pollutants may suppress growth. Ormrod et al- (1988) 
studied the growth responses of maize, soybean and tomato to 
SO2 and SO3 exposure patterns utilizing an incomplete block 
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factorial experimental design. Maize, soybean and tomato 
plants were grown in a controlled environment and exposed 
for 6h, daily for 7 days to O3 and SO2. Some plants exposed 
daily to O3 were also exposed to SOp for 6h. on I®^, 3'"'^, 
5^ or 7 days of 0^ exposure and some plants exposed daily 
to SOp were treated with 0^ to determine growth effects of 
03 or SO2. Species differed in number of days of O3 or SOg 
treatment required to elicit maximum sensitivity to a single 
6h and SOg treatment linear contrasts compared variable with 
daily exposure of SO2 gas mixture far a single day tended to 
be smaller than those exposed to gas mixture daily. 
Qualitative and quantitative effects of O3 and or SO3 on 
field grown potato cv. Norchip was reported by Pell et al. 
(1988). The plants were grown in open top chambers in the 
summer of 1986. Plants were treated with charcoal filtered 
air, non-filtered air of ambient O3 concentrations from 1000 
to 2000 h eastern daylight time daily. In addition plants 
received charcoal filtered air plus 0, 0.15, 0.34, or 0.61 
ppm SO2 from 0900 to 1200 h once every 14 day for a total of 
4 treatments. O3 induced a linear reduction in the number 
and weight of grade one potato tubers and in total weight of 
tubers. SO2 induced a stimulation and than decline of the 
number, percentage of dry matter, and sucrose content of 
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grade one tubers. Concurrent exposures to SO2 has been found 
to alter growth and yield responses of wheat and barley to 
low concentration of O3. During 1988 and 1989, single and 
interactive effects of low concentration of O3 and SO2 on 
two varieties of spring barley ('Arena' and 'Alexis') and 
spring wheat ('Turbo' and 'Star') were investigated in 
factorial experiments using open top chambers. Potted plants 
were exposed during whole growing season to either charcoal 
filtered air or charcoal filtered supplemented with two O3 
and one SO2 supplemented with two O3 and SO2 concentration 
of pollutants. Analysis of variance indicated that from main 
treatment O3 caused most detrimental effect on growth and 
yield parameters. Before the plants were fully mature, 
visible symptoms were only observed on wheat after exposure 
to highest O3 concentration. The results showed that 
although effects of O3 dominated, these responses were 
strongly modified by presence of SOg. It is evident that 
yield losses of O3 - sensitive crop species may be enhanced 
under certain circumstances by low concentration of other 
pollutant (Adaros let aj_-. 1991). Root nodulation was 
inhibited by SOg and O3 exposure at 0.1 ppm and 0.2 ppm in 
soybean (Singh, 1993), mungbean and chickpea (Jahan, 1983) 
and chickpea (Abbas, 1994). 
MATERIAL AND METHODS 
1)0 
M A T E R I A L S A N D M E E T H O D S 
The potted plants for the experiments will be expese^ 
intermittently to different doses of gaseous air pollutants., 
sulphur dioxide (SO2) and ozone (Og) in exposure chamber, 
The plants will be exposed to 0.05-0.1 ppm SOp and 2 
sequences of 0^ i.e. 
(i) 0.02 - 0.05 - 0.02 ppm O3. 
(ii) 0.05 - 0.1 - 0.05 ppm O3. 
PLANT CULTURE AND TREATMENT 
For studying the effects of SO2 and O3 seeds 0I 
sunflower (Helianthus annus L.) will be surface sterlizec 
for 2 min. in 0.1* HgClg solution. Seeds will be sown ir 
clay pots having sterlized field soil. 3-4 week old plants 
will be exposed on alternate days. Total exposure will b€ 
given continuously for 7 h a day for 45 days. 
EXPOSURE CHAMBER 
Experimental plants grown in pots for the treatments 
designated to receive SO2 and O3 exposure intermittently 
will be exposed to SO2 and O3 in air pollutants exposure 
chamber (Standard Appliance: Varanasi) which is equippec 
with a full size door, and an exhaust duct at its top tc 
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carry out the air/gaseous mixture. The chamber's bottom is 
double walled, upper side has opening, and a blower is 
attached to the lower side. Voltage supply to blower will be 
regulated by a voltage controller which is displayed on a 
panel meter. The potted plants which are to be treated will 
be kept in the exposure chamber and will be exposed for a 
desirable length of time. The concentration of the gas, 
though regulated by the voltage supply, will be determined 
by sampling of the air in chamber and analysis of the 
sampled air. 
GENERATION OF SOg GAS 
By the action of sulphuric acid (H2SO4) on sodium 
sulphite (Na2S03), SO2 gas will be produced in a generator 
under control reaction conditions. The amount of NagSOg and 
H2SO4 discharged from the reagent bottles mounted over the 
SO2 generator will be determined by collecting the solution 
dropping through capillary tube in a graduated cylinder for 
sometime and expressing the rate in ml/min. On the basis of 
flow rate or solution feeding rate. Solution of sodium 
sulphite (Na2S03) and sulphuric acid (10X) will be prepared, 
to produce required amount of SO2 gas/min. On complete 
RZ 
reaction IM NagSOg produces 64mg SO2. 10% H2S0^ solution 
will be used for all the working solutions of NagSOg. The 
reaction is shown below: 
Na2S03 + H2SO4 > SO2 + Na2S04 + HgO 
ANALYSIS OF SULPHUR DIOXIDE 
Analysis of SO2 in sample will be done by Weast and 
Pack method being used at NEERI, Nagpur (Anon., 1986). Some 
details of the analysis, preparation of chemicals are 
described stepwise, below: 
(i) ABSORBING REAGENT (SODIUM TETRACHLOROMERCURATE) 
27.2 g mercuric chloride and 11.7g sodium chloride will 
be dissolved in 1 lit. double distilled water (D.D.W.). This 
solution win be stored at room temperature and can be used 
for two months. 
(ii) SULPHAMIC ACID (0.6X) 
0.6 g sulphamic acid will be dissolved in D.D.W. to 
bring the volume to 100 ml. 
(iii) FORMALDELYDE SOLUTION (0.2%, to be prepared 
fresh) 
0.5 ml formaldehyde solution (40*) will be diluted 
in D.D.W. to 100ml. 
(iv) ROSANILINE HYDROCHLORIDE SOLUTION (0.2X) 
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(a) STEP I SOLUTION 
0.2 g rosaniline hydrochloride will be dissolved in IN 
hydrochloric acid to bring the volume up to 100ml. It will 
be kept in refrigerator over night. 
(b) STEP II SOLUTION 
4ml. of step I and 6ml. concentrated HCl will be 
dissolved in D.D.W. to bring the volume to 100ml. 
(v) POTASSIUM DICHROMATE SOLUTION (0.1 N.) 
Exactly 1.226g dried potassium dichromate will be 
dissolved in D.D.W. to 250 ml. 
(vi) SODIUM THIOSULPHATE (0.1 N) 
10 g of potassium iodine will be dissolved in 250 ml 
D.D.W. For preservation 2ml. of chloroform will also be 
added. 
(vii) IODINE SOLUTION (0.1 N.) 
10 g of potassium iodine will be dissolved in 200 ml. 
D.D.W. After adding 3g crystals of iodine, solution will be 
stirred. Solution will be kept over night and diluted up to 
250 ml. with D.D.W. Solution will be preserved in amber 
coloured bottle in dark. 
(viii) POTASSIUM IODINE SOLUTION (100X) 
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lOq potassium iodine will be dissolved in 10 ml. of 
D.D.W. This may be prepared at the time of titration, 
(ix) STARCH SOLUTION 
A paste of 1.25 g soluble starch will be prepared with 
D.D.W. and will be poured in 250ml. boiling D.D.W. It will 
be boiled for 5 minutes with stirring and allowed to cool on 
stand. Fresh and clear supernatent will be used. 
(X) METABISULPHITE SOLUTION 
0.3 g sodium metabisulphite solution will be dissolved 
in 500 ml. D.D.W. This solution will contain 320 or 400 u 
g/ml of SOg. 
STANDARDISATION OF SODIUM THIOSULPHATE 
50 ml D.D.W. will be poured into a 250ml. conical flask 
and 10ml. of potassium dichromate (0.1 N), 10 ml. of HgSO^ 
(1:1) and 1 ml of potassium iodine solution will be added to 
it. The flask will be kept in dark for 5 minutes for 
reaction. Above solution will be titrated with sodium 
thiosulphate (vi) till a faint yellow colour is obtained. 
Then 1ml. of starch solution will be added; blue colour will 
now appear. The titration will be continued until faint blue 
colour disappears. Final colour will be distinct bluish 
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green tinge due to chromous ions. Titration reading will be 
noted. This will be repeated to get constant reading then 
normality of sodium thiosulphate will be calculated 
according to following formula: 
Normality of thiosulphate = Normality of dischromate x 
Vol. of dichromate 
Vol. of thiosulphate required 
STANDARDISATION OF METABISULPHITE SOLUTION 
25 ml. of iodine solution (vii) will be taken in two 
250 ml conical flasks (A & B). In A (blank) and B, 25 ml 
D.D.W. and 25ml metabisulphite solution (x) will be added. 
After keeping flasks in dark for about 5 minutes for 
reaction, titration will be done with sodium thiosulphate 
till colour becomes faint yellow. Two ml strach solution 
will be added and titration will be continued untill blue 
colour disappears which was produced due to addition of 
starch. Titration will be repeated to get constant readings 
and normality of metabisulphite will be calculated according 
to the following formula: 
Normality of meta (A - B) X N 
Bisulphite solution = 
Vm 
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A = Volume of sodium thiosulphate required for blank 
(flask A) 
B = Volume of sodium thiosulphate required for 
metabisulphite (flask B) 
N = Normality of thiosulphate calculated earlier. 
Vm = Volume of metabisulphite solution taken. 
WORKING STANDARD METABISULPHATE SOLUTION IN ABSORBING 
MEDIA 
Now solution of metabisulphite will be prepared of such 
a strength that 1 ml of solution contains 10 u g of SO2. 
Total u g of SOg ih metabisulphite solution will be 
calculated according to following formula: 
Y = Normality of metabisulphite X 32000 
Where Y is total u g of SO2 in metabisulphite 
solution. 
Now w o r k i n g s t a n d a r d w i l l be p r e p a r e d i n 100 ml 
absorb ing media such as 1 ml = 10 u g SOg. 
10 X 100 
Z = 
Y 
Z is the volume of metabisulphite required for dilution 
to 100 ml with absorbing media. 
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CALIBRATION OF STANDARD CURVE 
Working standard metabisulphite win be piptetted in 
graduated amounts (such as 0.1, 0.2, 0.3, 0.5, 0.7, 0.9, 
1.0, 1.1, 1.2, 1.5 ml which will contain 1,2,3,4,5,6,7,8,9, 
10,11,12 and 15 ug. SO2 respectively) into a series of 
impingers or graduated wassler tubes. Absorbing media will 
be added to tubes to make volume 10 ml. In the blanks 10 ml 
of absorbing media will be added only. Then 1 ml sulphamic 
acid (ii), 2.0 ml formaldehyde solution ( i i i ) ,' 5.0 ml 
rosaniline hydrochloric solution (iv) will be added one by 
one, and after adding each the solution will be shaken 
gently. After it the volume of each solution will be 
maintained upto 25 ml. After 30 minutes but before 60 
minutes, the transmittance will be determined at 550 nm in 
spectrophotometer, between transmittance and concentration 
of ug SO2. 
ESTIMATION 
10 ml of sampled absorbing media will be taken in 
impinger. Then 1 ml sulphamic acid, 2 ml formaldehyde 
solution and 5 ml rosaniline will be added one by one and 
after adding each, the solution will be shaken gently. After 
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30 minutes but be fo re 60 m i n u t e s t r a n s m i t t a n c e w i l l be 
de te rm ined a t 550nm in s p e c t r o p h o t o m e t e r . I n t h e c o n t r o l 
(b lank ) i n place of absorb ing media non sampled medium w i l l 
be taken . The ug of SO2 w i l l be determined by p l a c i n g o f 
t r a n s m i t t a n c e (%) , c a l i b r a t e d s t a n d a r d c u r v e , t h e 
corresponding value (ug SO2) w i l l be found o u t , SO2 u g/m 
w i l l be c a l c u l a t e d accord ing t o f o l l o w i n g fo rmu la : 
3 P g SO2 
Volume of air sampled (lit) 
Volume of air sampled = Flow rate of air X time of 
sampleing (minutes) 
jU g of SOg/m will be converted into ppm according to 
following formula: 
jj g/m^ X 22400 
M X 10^ 
M is the molecular weight of pollutant. 
SAMPLING OF OZONE (O3) 
The O3 will be sampled by either High Volume Air 
Sampler or Handy Air Sampler at the rate of 1/2 cubic meter 
per minute for 1/2 - 4 h. Alkaline KI solution will be used 
as absorbing medium. To avoid the SO2 interference, Cr203 
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imoregnated paper win be used. The absorbing medium and 
Cr203 paper will be kept in impinger as follows : 
(1) (2) (3) 
Midget impinger Absorbing Trap Flow 
containing Cr203 impinger regulator 
paper 
ANALYSIS OF OZONE 
O3 will be estimated by alkaline KI method. 
ABSORBING MEDIUM 
40.Og of NaOH will be dissolved in distilled water and 
10.Og KI will be mixed to it and the the volume will be made 
upto 1 lit. 
ACIDIFYING REAGENT 
5.0g of sulphemic acid will be dissolved in 100 ml 
distilled water and after that 84 ml of 85% phosphoric acid 
will be added to it. The volume of mixture will be brought 
upto 200 ml with distilled water. 
STOCK POTASSIUM lODATE SOLUTION 
0.15g KIO3 will be dissolved in 500 ml of distilled 
water in a volumetric flask. 
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STANDARD (KIO3) O3 SOLUTION 
12.5 ml of stock KIO3 solution will be taken 250 ml 
volumetric flask and its volume will be brought to 250 ml. 
STANDARD CURVE 
20 ml absorbing media will be taken in 7 test tubes. 
Then 0.2, 0.6, 1.0, 2.0, 3.0, 4.0 and 5.0 ml standard O3 
solution will be added respectively. Then 4 ml acidifying 
reagent will be added. After that volume of each tube will 
be made upto 30 ml. After waiting for 10-12 min. the % 
t ransmi ttance will be read at 355 nm, and standard 
calibration curve between % transmittance and corresponding 
value of O3 will be prepared. 
ESTIMATION 
20 ml sampled solution will be taken into a tube. The 
blank will have non-sampled 20 ml absorbing media. Then 4 
ml acidifying reagent will be added in each tube. After 10-
12 min. gap the % transmittance will be read at 355 nm. The 
correspoding value of O3 will be read from standard curve. 
LABORATORY EXPERIMENTS 
Effect of SO2 and O3 on sunflower plants will be 
studied in exposure chamber. The analysis will be done on 
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exposed and unexposed (control) plants. Observation will be 
made after 24, 48, 92 and 184h. 
PLANT ANALYSIS 
Analysis of plant samples from glasshouse experiments 
will be done for estimating chlorophyll content of leaves, 
nitrogen, phosphorus content of root and shoot and protein 
content of seeds. 
ESTIMATION OF CHLOROPHYLL CONTENT 
For chlorophyll estimation 1g of interveinal region of 
leaves will be ground in 40 ml 80* acetone with the help of 
mortar and pestle. The suspension will be decanted in 
buchner funnel having 2 Whatman paper no.1. The fiIteration 
will be done with the help of suction pump. The residue will 
be ground thrice adding with 30, 20 and 10 ml of acetone 
respectively. The suspension will be decanted in buchner 
funnel and filtered in vaccum. At last mortar and pestle 
will be rinsed with acetone, transferred in buchner funnel 
and filtered in vaccum. The filtererate will be transferred 
in 100 ml. volumetric flask and volume will be made upto 
capacity. The transmittance will be read at 645, 663 and 652 
nm at spectrophotometer. The chlorophyll a, b and total 
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chlorophyll will be calculated accordingly by using optical 
density, (Machinney, 1941). 
V 
Chi. a in fresh tissue = 12.7 (O.D.635) X 
1000 X W 
V 
Chi, b in fresh tissue = 22.9 (O.D.663) X 
1000 X W 
Total chl. in fresh tissue 
V 
= 20.2 (O.D.645) + 8.02 (O.D.663) X 
1000 X W 
ESTIMATION OF NPK 
For estimation of NPK leaf samples will be digested as 
given below : 
DIGESTION OF LEAF SAMPLES 
Leaf samples from the glass-house experiments will be 
Leaf samples digested first according to the following 
method : 
100 mg of oven dried leaf powder will be transferred in 
50 ml Kjeldhal flask, then 2 ml of chemically pure H2S04 
will be added and flasks will be heated at Kjeldhal assembly 
for about 2 hours, till the dense fumes has given off and 
the contents have turned black. Then 0.5 ml of pure 305IJ 
H2O2 will be added after 15 min. of cooling now heating will 
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be done again till the colour is changed into light yellow. 
It will be heated again for half an hour and after which 
flask will be cooled for 10 min for geting extract clear. 
Then 3-4 drops of 30% H2O2 will be added dropwise followed 
by heating for 15 min. After that digested material will be 
transferred into 100 ml volumetric flask with 3-4 washing 
and volume will be made upto capacity. This digested 
material will be used for estimating N.P.K. etc. present in 
leaf (Linder, 1944 ; Lundergardh, 1951). 
NITROGEN 
Prior to estimating N content present in digest 
material of leaf standard curve will be drawn by folowing 
procedure : 
0.236 g of ammonium sulphate will be dissolved in 100 
ml of solution, then 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9.1.0 
ml solution will be poured into 10 test tubes respectively. 
The volume will then be made upto 5 ml in each test tube by 
adding distilled water. A control will also be run side by 
side. After that 0.5 ml Nessler's regent will be added 
followed by 5 ml of distilled water. The % transmittance 
will be read at 525 nm from spectrophotometer on developing 
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yellow arrange colour after half an hour. Then a curve will 
be drawn on graph between concentration and O.D. 
ESTIMATION 
10 ml of aliquot (digested leaf material) will be 
taken in 100 ml volumetric flask and 2 ml, 2.5 N NaOH will 
be added to neutralize the excess amount of acid present. 1 
ml of 10% sodium silicate will also be added to prevent 
turbidity. They volume will be made upto capacity. 5 ml 
aliquot will be taken in 3 test tubes folowed by addition of 
0.5 ml of Nesseler's reagent with shaking, then 10 ml volume 
will be made by distilled water. After waiting for 5 min. 
the % transmittance will be read at 525 nm. Then the O.D. 
will help in reading concentration from standard curve 
(Linder, 1944). 
PHOSPHOROUS 
At first a standard curve will be prepared. Different 
concentrations of KH2P0^ solution ranging from 0.1 to 1 ml 
will be taken in 10 separate test tubes and the volume of 
each test tube will be maintained upto 5 ml. Then 1 ml 
ammonium molybdic acid and 0.4 ml of 1 amino-2 nepthol-4 
sulphonic acid in each test tube will be added followed by 
75 
making volume upto 10 ml with distilled water. After half 
an hour % transmittance will be read at 625 nm. then 
standard curve will be drawn betwen concentration and O.D. 
ESTIMATION 
5 ml of aliquot (digested leaf) will be taken in 3 
test tubes, to which 5 ml of distilled water will be added. 
After that 1 ml of ammonium molybdic acid will be added, 
with shaking, followed by addition of 0.2 ml 1-amino-2-
mepthol 4-sulphonic acid. The control will also run side by 
side. Percentage transmittance will be read from standard 
graph by using O.D. (Fiske and Row, 1925). 
POTASSIUM 
Standard curve will be made by using 10 ppm solution of 
KH2PO4. 1 ml, 2m, 10 ppm KHgPO^ solution will be 
pipetted in 10 ml graduated test tube and volume will be 
made upto 10 ml. with distilled water. The percentage 
emission will be read at 740 nm by using flame photometer. 
The graph will be made between % emission and concentration. 
ESTIMATION 
1 ml of aliquot (digested leaf) will be suitably 
diluted with water. A blank will be run side by side which 
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will have only distilled water. The reading will be taken 
at 740 nm by flame photometer. Concentration of potassium 
present will be read by using standard curve. 
ESTIMATION OF PROTENS 
The protein contents of sunflower seeds will be 
estimated by using the method given by Lowry et al., 1951. 
Following reagents will be prepared for estimating protein 
contents of seeds. 
Reagent A - 2X sodium carbonate in 0.1 N NaOH in ratio of 
1 : 1 . 
Reagent B - 0.5% Cu SO^ in IX sodium tarterate in ratio of 
1 : 2. 
Reagent C - 50 ml reagent A + I ml reagent B. 
(alkaline CuSO^) 
Reagent D - 50 ml of 2% sodium Carbonate + 1 ml Reagent B 
(Carbonate CuSO^ soln.) 
Reagent E - Follin's reagent diluted to make 1 N acid 
(Diluted Folin's reagent) 
STANDARD CURVE 
Before actual estimation a standard curve will be made 
by dissolving 40 mg of egg albunim in 0.1 N NaOH solution, 
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the volume will be made upto 100 ml. From this solution, 
aliquots of 0.1 ml to 1 ml will be taken in 10 test tubes. 
Reagent A will be now added to test tubes. After 10 min 0.5 
ml reagent E will be added to test tubes. The % 
transmittance will be read at 770 nm and standard curve will 
be drawn between O.D. and concentrations. 
SOLUBLE PROTEIN 
50 mg dry powder of seeds will be ground with 5 ml of 
D.D.W. in mortar and pestle. Then water extract will be 
decanted in centrifuge tube for centrifugation at 400 rpm 
for 10 min. Then supernatent will be collected in 50 ml 
volumetric flask and residue will be retained in centrifuge 
for estimating insoluble protein. After making the volume 
upto 50 ml, 1 ml of water extract will be transferred in a 
10 ml test tube followed by addition of 5 ml of reagent C. 
After maxing, solution will be left as such for 10 min. Then 
5 ml reagent E will be added and mixed immediately. The 
control will be run along with experimental set. Percent 
transmittance will be read at 660 nm after half an hour. The 
corresponding protein content will be measured, by using 
standard curve.' 
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INSOLUBLE PROTEIN 
The residue retained in centrifuge tube will be used 
for insoluble protein estimation. 5 ml of 5% trichloro 
acetic acid will be added to residue with shaking. After 
half an hour it will be centrifuged at 4000 rpm to 10 min. 
The supernatent will be discarded. 5 ml of iN NaOH will be 
added in residue with vigrous shaking. After half an hour it 
will be again centrifuged and supernatent will be colected 
in 50 ml volumetric flask and volume will be made upto with 
iN NaOH. 1 ml of this solution will be taken in test tube 
with 5 ml of reagent D followed by mixing. After 10 min. 0.5 
ml of reagent E will be added. 1 N NaOh will be used in 
control. Percent transmittance will be read at 660 nm after 
30 min. The protein content will be calculated by using 
standard curve. 
PHYSIOLOGICAL STUDIES 
RATE OF WATER ABSORPTION 
For measuring rate of water absorption by roots of 
plants, a wide-mouthed bottle with a graduated side tube 
will be used. The evaporation from side tube will be checked 
by adding a few drops of oil. The rooted plants will be 
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fixed in mouth of bottle through a hole in cork. The initial 
water level in tube will be noted. After a fixed time water 
level reading with again be recorded. The difference in 
water levels will measure the amount of water absorbed by 
roots. 
RATE OF TRANSPIRATION 
It will be measured by using Ganong's potometer. In 
case of small plants, whole of stem and in case of bigger 
plants the twigs of equal size will be used for measuring 
rate of transpiration and for comparing with other plants. 
PARAMETERS 
The following parameters will be considered depending 
upon kind of pollutant, exposure duration etc. 
Length of root and shoot. 
Width of root, shoot and flower. 
Estimation of Chlorophyll content of leaves. 
Estimation of protein and oil contents of seeds. 
Rate of Water absorption. 
Rate of transpiration. 
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